We assessed the change in milk production in 35 dairy herds located in eight states when a blended animal-marine protein product was included in diets at 2 (22 herds) to 4% (13 herds) of dry matter. Average 305-d production across herds was 8844.1 kg (SEM = 153.7 kg) of milk, with a range of 6876.9 to 11,293.2 kg. The mean days in milk for all herds at initiation of the trial was 118.8 d (SEM = 3.7, herd mean range of 68.8 to 160.0 d), and the average daily milk production was 32.6 kg (SEM = 0.6 kg, range 24.2 to 39.6 kg). The animal-marine protein blend was included in herd rations for 30 d, beginning immediately after a DHI herd test month and ending immediately after the next DHI sample test. Cow milk records were collected for 1 to 2 mo before the protein blend was included and for 2 to 3 mo after the protein was removed. Sample days were assigned a dummy variable to indicate months off or on the animal-marine protein blend.
INTRODUCTION
As noted in a recent review (26) , replacement of protein sources high in RDP, such as soybean meal (SBM), with protein sources high in RUP has not al-ways increased milk production (15, 19, 23, 26, 29) . Absorbed protein may not be a limiting factor for milk production when large amounts of DM are consumed (23, 29) . Furthermore, the inclusion of RUP sources in diets has not been associated with increased flow of nonammonia N (NAN) to the small intestine (6, 26) partly because microbial protein (MCP) synthesis may be reduced when SBM is replaced in diets (26) . As RUP is increased in dairy rations, rumen fermentable carbohydrate and protein may be reduced, resulting in reduced MCP synthesis. The net effect is that NAN flow to the small intestine is not increased and may even be reduced. In addition, not all protein sources high in RUP provide an optimal complement of AA for milk production (15, 25, 30) . Some protein sources high in RUP may reduce the proportions of lysine and methionine available for absorption, reducing the quality of absorbed AA (15, 26) .
A positive response to increasing RUP in dairy rations has been associated with level of production (1, 2) , stage of lactation (5, 16) , age (17) , and type of supplemental protein source (8, 30) . Therefore, positive production responses to increasing dietary RUP may be best observed in high producing, early-lactation cows when using a high quality protein supplement in rations that maintain the supply of rumen available carbohydrate and nitrogen.
An increasing body of research (3, 25, 27, 30) suggests that protein quality influences milk volume and protein content. Methionine and lysine are the most limiting AA for milk production (15, 27) . MCP is a high quality protein source. However, sufficient quantities may not be synthesized in cows producing over 30 kg of milk or in cows with decreased DMI, such as in early lactation. Therefore, some dietary protein sources high in RUP are necessary in early lactation, particularly in cows producing more than 30 kg of milk. However, the quality of AA in the sources high in RUP should provide sufficient lysine and methionine (15, 23, 27) . In general, plant proteins are not good sources of lysine and methionine. Blends of animal-marine protein sources can provide a rich mixture of methionine and lysine, in addition to increasing the flow of NAN from dietary sources (19) . Coefficients of rumen degradability are low, and the proteins are highly digestible (19) . Therefore, a blend of animal and marine protein sources can provide a high quality, digestible RUP rich in methionine and lysine.
Because the response to protein sources high in RUP varies, producers must consider the economic benefit of including an animal-marine protein blend in diets. Forage and grain sources that vary widely in protein, fat, and carbohydrate content are fed to dairy herds. Thus, producers might find it desirable to conduct their Journal of Dairy Science Vol. 83, No. 8, 2000 own product evaluation trials if simple methods were available. Such methods must control for high (10%) daily variation of production within cow and for the difference in production with time post calving. In addition, any method should measure the magnitude and variation in production response to a product, allowing for economic evaluation.
One hundred and fifty-day adjusted milk yield has been proposed as a method to evaluate monthly change in production in a herd (22) . However, this method assumes a uniform distribution of cows by DIM in the herd month to month and does not allow a calculation of variance (10) . Galligan et al. (11) proposed that a change in projected 305-d milk yield be used to assess production changes in a herd. In modeling changes with an impulse input of production change, Ferguson et al. (10) found the regression method within cow to be sensitive and specific for assessing production changes and could provide a useful tool for producers.
The purpose of this project was to investigate production responses to an animal-marine protein blend (Prolak, HJ Baker and Sons, Inc., Stamford, CT) across a variety of dairy herds in several regions of the United States. In addition, several methods of assessing production change were compared, such as change in 305-d milk yield (11) , change in 150-d milk production (22) , and a regression estimate of milk change (10) .
MATERIALS AND METHODS

Farm Selection
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Data Collection
Production data were collected monthly from each herd for each cow from the DHIA system or other production databases. Information collected included cow identification, parity, milk volume, milk fat and protein content (if available), SCC (if available), and DIM. Information for each sample day was stored in a file that included date of sample day and herd index. In the data file, sample days were coded as 0 for months data were collected with no inclusion, and 1 for the month when the protein blend was in the diet. In addi- tion, each test day was categorized relative to the month of inclusion, −2 for 2 mo prior to inclusion, −1 for one sample month prior to inclusion, 0 for sample month of protein blend inclusion, 1, 2, or 3 for sequential monthly samples after protein blend removal.
For individual cow records to be included in the data for final analysis, cows had to be on the test at least three sequential sample days, with at least one record before and one record after the protein blend was included. An individual cow could have as few as three to as many as six test-day observations for data analysis.
Diets and Feeding Management
The forage base of rations employed by the 35 herds was categorized into three groups: primarily corn silage-based rations (1, >70% forage DM as corn silage, CSG), mixed forage rations consisting of legume silage or hay and corn silage (2, 40 to 60% forage DM as corn silage or legume, CSG/LEG); and primarily legume silage or hay based rations (3, >70% of forage DM as legume forage, LEGUM) ( Table 1) .
Concentrated sources of energy were primarily based on corn in combination with other grains and byproduct feeds. Protein sources included SBM plus other protein sources or blends. Herds were categorized as those with no animal or marine protein in the existing diet (1, Vegetable, Table 1 ), herds with 1 to 2% of the ration DM as an animal or marine proteins (2, Mixed, Table 1 ); and herds with more than 2% of the ration DM in the form of an animal or marine proteins (3, Animal, Table 1 ).
Feeding protocols included herds that used a TMR, those that used a basal TMR to which a supplemental top dress of concentrate and protein meals was added, and those that were fed forages and grains separately. For herds on TMR, cows were grouped based on production and were offered a ration of blended ingredients accordingly. A few TMR-fed herds utilized one ration for all cows regardless of production. Herds in which the ingredients of the TMR varied depending on production of the group may or may not have included the animal-marine protein blend in the TMR fed to groups with lower production. Data from these groups were not included in the analysis. Herds that were fed supplemental concentrate and or protein meals typically were offered these based on level of production. In these herds, the animal-marine protein blend was included in the protein supplement to supply at least 2% of ration DM.
Production data were collected from the farms for 1 to 2 mo before the protein was included in the ration blend. Immediately after the −1 sample day, the animal-marine protein blend was substituted into the ration as part of the protein source at 2 to 4% of ration DM (Table 1 ). An equivalent amount of protein was removed from the ration, so that diets might remain isonitrogenous and isocaloric to the previous ration. It was the intent of the study to vary only the protein source.
An outline of the experimental feeding regime is shown in Table 2 . After a test day (test code = −1) the animal-marine protein blend (Prolak) was included in the ration until the next test period (test code = 0), approximately 30 d. After this sample day, the animalmarine protein blend was removed from the ration. Milk production records were collected from the herd for the next 1 to 3 mo.
Statistical Methods
Regression analysis was used to analyze milk production (10) . Records were constructed which included data for herd, cow, parity (LACT = 1, 2, 3+), DIM, milk volume, test-day category (−2 through 3), and TRT (0 or 1). Data were sorted by herd. The data set was analyzed by cow within herd with SAS software using the following linear model (28):
where Milk ijk = the milk production on the kth test day for the ith cow on the jth treatment; Intercept i = the intercept for the ith cow; beta i = the DIM coefficient for the ith cow; DIM k = the kth day of test for the ith cow; TRT ij = the jth test day dummy variable for treatment for the ith cow; and ε ijk = the residual error for the ith cow.
The coefficient of TRT represented the change in milk on test month code 0 from the prediction of milk based on the intercept and slope across DIM for each test day. If the slope of the milk curve exactly fit the lactation change over test day, the coefficient of TRT would be zero. If milk volume changed on test day code 0 from the typical pattern of production, then the coefficient for TRT would differ from zero. Individual, random variation of milk production across test months was controlled by performing a linear regression by each cow for milk yield on DIM and the dummy variable for inclusion of the animal-marine protein product. Regression outputs for cows were aggregated by herd to calculate a TRT mean and variance.
Parameter estimates for Intercept i , beta i , and TRT ij were submitted to PROC GLM in SAS, with herd and parity as class variables. The least square means of TRT for herd was tested for difference from zero based on a t statistic to determine if the predicted change in milk was significant. Herd responses were then classed as negative, not different from zero, or greater than zero based on P < 0.10.
This study represented an experiment with identically replicated treatments in 35 herds with differing number of cows. The estimate of TRT is better known for herds over 1000 cows than in herds with less than 50 cows on the study. To control for differing herd size, the population mean was calculated based on the estimation of population parameters from identically replicated experiments using the following formula: The variance for TRT across all herds was calculated as follows: Simulation work had suggested the utility of a regression method to analyze milk production responses (10) . However, this method is also biased in estimating response when cows under 40 DIM on the first sample day were included in the analysis. The treatment effect could be estimated by eliminating these cows from the analysis or by adjusting the estimate of TRT response with the following formula Bias in response: In addition to analyzing production responses by the regression method, the change in predicted 305-d milk yield for test day −1 was subtracted from predicted 305-d for test day 0 for each cow (11) . Then the herd mean change in 305-d yield (P305) was calculated along with the variance of the change in 305-d yield. This was tested for difference from zero using a t statistic after a method outlined by Galligan et al. (11) . In addition, the change in 305-d yield was ranked above and below zero and a nonparametric sign test was used to assess any significant change in production. Likewise the 150-d adjusted milk (M150) was calculated for test day −1 and test day 0 using the formula of Nordlund (22) for each cow. The difference in M150 day yield was calculated as the change from test day −1 to test day 0. The herd mean change in M150 day yield was calculated along with the variance of the change in M150. We tested this change for difference from zero by using a t statistic. The predictions of herd increases or decreases in milk with the P305 or the M150 were compared with the TRT predictions.
Herd level factors that may have influenced response to the inclusion of the animal-marine protein blend were analyzed with the following model:
where:
TRT i = regression estimate of TRT for n cows in the ith herd Herd i (Factor j ) = jth factor nested in the ith herd 
RESULTS AND DISCUSSION
A total of 42,452 production records were collected across the study period for all 35 herds. Mean results by herd for the regression parameters are presented in Table 3 . The overall population mean response for TRT was 1.24 kg/d (SEM = 0.05). Nineteen herds had a mean TRT coefficient significantly greater than zero, indicating an increase in milk production with inclusion of the animal-marine protein blend (TRT = 1, Table 3 ). Twelve herds had a mean TRT coefficient not different from zero, indicating no significant change in milk production (TRT = 0) with the inclusion of the animal-marine protein blend in the ration. Four herds had a mean TRT coefficient, which was significantly less than zero, indicating a decrease in milk production (TRT = −1) ( Table 3) .
The mean TRT response was not significantly different across forage classes, level of protein inclusion, or level of prior animal-marine protein feeding (Table 4) . Most herds had a forage base of a blend of CSG/LEG (14 herds) or primarily CSG (12 herds), whereas only nine herds had a predominant forage base of legumes (LEGUM = 9) ( Table 4 ). The mean TRT estimates for herds classed as CSG and CSG/LEG were 0.99 kg (SEM = 0.12 kg) and 0.93 kg (SEM = 0.13 kg), respectively, compared with 0.48 kg (SEM = 0.18 kg) for the LEGUM class herds (Table 4 ). These means were not significantly different. Nine of 12 CSG herds increased milk production, compared with 7 of 14 CSG/LEG and 3 of 9 LEGUM herds, proportions that are not different based on a chi-square distribution (χ 2 = 3.77, df = 2).
The majority of herds had added Prolak at 4% of DM compared with 2% of DM (22 herds at 4% of DM vs. 13 herds at 2% of DM, respectively, Table 4 ). The mean TRT estimate for herds that included Prolak at 4% of DM was 0.57 kg (SEM = 0.10 kg) compared with 1.28 kg (SEM = 0.14 kg) for herds that included Prolak at 2% of DM, but these means were not significantly different. However, 10 of 13 herds which fed the 2% inclusion rate had increased milk production compared with 9 of 22 herds fed the 4% inclusion rate (χ 2 = 4.27, P < 0.05). The magnitude of the difference in TRT estimates and the higher proportion of herds that had increased milk production with the lower inclusion rate suggests that optimal inclusion rates of animalmarine protein blends should be more closely examined. Inclusion rates at 4% of DM of Prolak possibly resulted in a drastic reduction in RDP protein sources in order to maintain isonitrogenous diets, which may have had negative consequences on rumen microbial synthesis and resulted in fewer herds increasing in production (26). We were not able to separate the potential interaction between inclusion rate and previous feeding of animal-marine protein sources.
Eighteen herds were not fed any animal-marine protein blend prior to the trial (Vegetable, Table 4), diets of 11 herds included animal-marine protein blend at less than 2% of the DMI (Mixed , Table 4 ), and diets of 6 herds included animal-marine protein blend greater than 2% of DMI (Animal, Table 4 ). Prior animal-marine protein feeding did not influence the response to the inclusion of Prolak in the ration (Table 4) . Although not significantly different, the lowest absolute mean TRT was in herds fed no prior animal-marine protein blend, 0.58 kg (SEM = 0.11 kg) versus 0.86 kg (SEM = 0.14 kg) and 1.58 kg (SEM = 0.20 kg) for Vegetable, Mixed, and Animal factors, respectively Inter = Mean intercept for the regression model across cows in the herd; Dimbeta = slope of milk decline as a function of days in lactation across cows in the herd; TRT = estimate of the effect of inclusion of an animal-marine protein blend on milk production; Resp. = Response = −1, TRT < 0, production went down, 0, TRT = 0, production did not change, 1, TRT > 0, production increased.
( Table 4 ). The proportion of herds that increased in milk-8 of 18 Vegetable, 7 of 11 Mixed herds, and 4 of 6 Animal herds-was not different.
The mean TRT estimate was not different across lactation groups [0.96 kg (SEM = 0.13 kg) for LACT1, 0.52 kg (SEM = 0.17 kg) for LACT2, and 0.88 kg (SEM = 0.14 kg) for LACT3 (Table 4) ]. However, TRT estimates were different across milk production classes (Table  4) . Mean TRT estimates declined from 1.51 kg (SEM = 0.22 kg), to 1.09 kg (SEM = 0.13 kg), to 0.61 kg (SEM = 0.15 kg) to −0.01 kg (SEM = 0.24 kg) as milk production quartile increased from lowest to highest within each herd (Table 4) . Ten of 18 herds ranked below the average 305-d milk production (8844.1 kg) and 9 of 17 herds ranked above the average 305-d milk production increased in milk yield with the inclusion of the animal-marine protein blend. The decrease in TRT response with increasing milk production group does not appear to be associated with herd level milk production but is an effect in higher producing cows within herd. In simulation models, milk production was not a significant confounder influencing estimates of known changes in milk production using the regression method (10) . Within herd factors, such as feed consumption in higher producing cows may be influencing the response to inclusion of animal-marine protein sources in this study. However, we do not have sufficient within-herd observations to account for this effect.
In a previous study (10), we identified stage of lactation as a significant confounder when using the regression method to estimate production responses. Stage of lactation influenced whether cows were pre-or postlactation peak at time of data collection. Milk yield increases following calving and typically reaches apogee between 30 to 50 d postcalving (18) . Following peak production, lactation decline is linear (18) . Cows that are prepeak on the initial test month before the animal-marine protein blend is included in the diet will have a positive coefficient for TRT associated with the shape of the lactation curve (10) . Previous work (10) using the regression method to analyze production responses identified cows less than 40 DIM on the initial test day as having a positive TRT coefficient even with no actual change in production because cows rise, plateau, and decline in milk across sequential sample months (10) . The shape of the lactation curve in these cows is an inverted "U" and thus is not amenable to linear analysis without correcting for the bias. Including these cows in the analysis will bias the estimate of TRT in a positive direction. Therefore, the milk production response to the inclusion of the animalmarine protein blend may be overestimated depending on the proportion of cows less than 40 DIMINT at time of the study. One method to reduce the bias is to Means within factor with different superscript differ by P < 0.10 (a,b,c,d). Factor indicates classification of herd factors for examining TRT (mean regression coefficient calculated to estimate a mean response to an animal-marine protein blend for a 30-d period in rations fed to dairy cows. Milk production data was collected over three to six sequential test periods, with protein inclusion in the middle test period).
2 Forage = primary forage in the ration: CSG = primarily corn silage, over 70% of forage DM as corn silage; CSG/LEG = 40 to 60% of forage DM as corn silage or legume silage or hay; LEGUM = primarily legume silage or hay, over 70% of forage DM as legume. 3 Protein sources = Source of protein supplements in control ration period. VEGETABLE, only plant and plant by-products in ration prior to inclusion of Prolak; MIXED, up to 2% of ration DM as animal-marine protein prior to Prolak inclusion; ANIMAL, > 2% of ration DM as animal-marine protein prior to Prolak inclusion. 4 Level of production: ranking of production within herd based on 305-d predicted milk yield on the first test month. Each quartile was defined based on the mean 305-d production within each herd. The overall mean 305-d yield across all herds was: lowest quartile, 6708 kg (the minimum mean to the maximum mean for the lowest quartile across all herds, 4662 to 8946 kg); second quartile, 8199 kg (the minimum mean to the maximum mean for the second quartile across all herds, 6204 to 10,689 kg); third quartile, 9539 kg (the minimum mean to the maximum mean for the third quartile across all herds, 7434 to 12,188 kg); fourth quartile, 11,208 kg (the minimum mean to the maximum mean for the fourth quartile across all herds, 9384 to 13,548 kg). eliminate cows less than 40 DIMINT from the analysis (TRT40). Alternatively, the regression estimate may be adjusted for the bias associated with DIMINT with a formula developed in a companion paper (ADJTRT = TRT −4.064*e (−0.0497*DIMINT) ), where ADJTRT is dummy coefficient for change in milk production, with inclusion of an animal-marine protein blend in a herd ration adjusted for initial DIM on first test month of data collection (10) . Table 5 presents herd summary data for TRT40 and ADJTRT. Eliminating cows less than 40 DIMINT from the analysis reduced number of animals to 5362 from the initial 7135 (Table 5 ). The TRT40 estimate across all herds was 0.78 kg (SEM = 0.05 kg) and not significantly different from the ADJTRT estimate of 0.82 kg Resp. = Response, −1 , TRT < 0, production went down; 0, TRT = 0, production did not change; 1, TRT > 0, production increased. 4 ADJTRT = Estimate of the effect of inclusion of an animal-marine protein blend (Prolak) on milk production when estimate of TRT coefficient adjusted using the following ADJTRT = TRT − 4.064*e (−.0497*DIMINT) (10) .
(SEM = 0.05 kg). The TRT40 and ADJTRT estimates are lower than the TRT estimate, 0.78 and 0.82 kg compared with 1.24 kg, respectively, and represent the response to the animal-marine protein blend corrected for the stage of lactation bias. The overall response to inclusion of the animal-marine protein blend across all herds was around 0.8 kg of milk. With the ADJTRT, 18 herds were categorized as increasing in production with inclusion of the animalmarine protein blend, 12 herds did not change, and 5 herds decreased in milk (Table 5) . With the TRT40, 17 herds were categorized as increasing in production with inclusion of the animal-marine protein blend, 13 herds did not change, and 5 herds decreased in milk ( Table 5 ). The classification of the herd responses and mean response estimates were very similar using each (Table 5 ). Milk production response was classified differently in three herds (herds 11, 26, and 35) between the TRT, TRT40, and ADJTRT estimates. Only one herd was classified differently between the TRT40 and ADJTRT methods (herd 11).
Herd 26 was estimated to have increased milk production from the TRT estimate (1.0 kg, SEM = 0.5 kg, Table 3 ) but did not change in milk production with the ADJTRT (0.5 kg, SEM = 0.5 kg, Table 5 ) and TRT40 (0.2 kg, SEM = 0.6 kg, Table 5 ) estimates. Likewise, herd 35 did not change in production with inclusion of the animal-marine protein blend (−0.2 kg, SEM 0.2 kg, Table 3 ) but had decreased milk production with the ADJTRT (−0.7 kg, SEM 0.2 kg, Table 5 ) and TRT40 coefficients (−0.8 kg, SEM 0.2 kg, Table 5 ). The sign of the TRT estimates was the same in herds 26 and 35 for all three methods; however, the coefficients became less positive with correction for stage in lactation bias. Including early-lactation cows or not adjusting for the bias in estimating TRT with these cows in the analysis influenced the classification of milk production response in these herds.
Herd 11 was the only herd in which the TRT40 and ADJTRT estimates of milk response differed. Herd 11 was classified as having increased in milk using TRT (1.7 kg, SEM = 0.5 kg, Table 3 ) and ADJTRT (1.3 kg, SEM = 0.5 kg, Table 5 ) but as not having changed in milk using TRT40 (0.07 kg, SEM = 0.5 kg, Table 5 ). The TRT40 adjustment removes cows from the analysis, which may result in a loss in power to detect changes, whereas the ADJTRT method uses all cows in the analysis. In addition, there may be a higher response to RUP in early lactation (5, 16), which would not be observed if early-lactation cows are removed from the analysis. Possibly, early-lactation cows in herd 11 were more responsive to the animal-marine blend than later-lactation cows, resulting in a higher ADJTRT estimate than a TRT40 estimate. By adjusting for the stage of lactation bias with the mathematical formula, we can estimate the early-lactation response to the animal-marine protein blend. < DIMINT<14,…). The unadjusted estimate of TRT is initially 5.6 kg of milk and then follows an exponential decline to a mean of 0.45 kg. The bias in estimating TRT as a function of DIM at initial test month is also presented in Figure 1 . The bias has an initial value of 3.1 kg of milk and asymptotes to 0 kg of milk. The ADJTRT curve is the difference between the bias in estimating TRT and the TRT estimate. Response is 2.5 kg in the first week post calving and declines to a mean of 0.45 kg with week post calving (Figure 1) . Cows from 1 to 6 wk post calving have a mean TRT response of 1.13 kg of milk, compared with a mean TRT response of 0.47 kg for cows after 6 wk postcalving. Response to the inclusion of the animal-marine protein blend appears to be higher in early lactation, which is consistent with other observations (5, 16) .
The DIM at initial test day represents the stage of lactation when cows went on the study. However, due to experimental design, the actual stage of lactation when the animal-marine protein blend was fed was 30 to 60 d later. No cow that received the protein blend during the first 30 d of lactation was included in the study analysis. Therefore, the adjusted estimate of the production response to the animal-marine protein blend may represent a conservative estimate, because inclusion of the product earlier in lactation may have had a larger impact on milk yield.
The calculation of the TRT coefficient suggests that a majority of the herds responded positively to the animal-marine protein blend. However, this method cannot rule out that other factors in the herds may have influenced milk production the month the protein blend was included in the diet. Because the analysis only included cows in the herd for sequential tests, the change in milk was not due to cow removal and entry. The production change associated with TRT was due to change in milk within those cows in the herd on sequential test days that included the inclusion of the animal-marine protein blend.
Other methods proposed for assessing change in milk production include the change in M150 milk and change in M305 (305-d predicted milk yield) (11, 22) . The M150 classified 27 of the 35 herds as having a significant increase in production when the animalmarine product was included in the ration (Tables 6  and 7 ). Eighteen of the 19 herds that were classified as having a positive response in milk using the regression analysis were also classified as positive by the M150 (Table 6 ). The M150 however also classified 9 of the 12 herds that were classified as having no response by the regression method as having had a positive response in production with inclusion of the animalmarine protein blend in the ration. Of the four herds classified as having a negative response using the re- TRT = Mean coefficient for the dummy variable indicating the month the animal-marine protein blend was included in the diet calculated using a regression model for milk production as the dependent variable and DIM and TRT as the independent variables for 3 to 6 sequential production tests. gression method, the M150 predicted that three herds had decreased production and one herd had no significant change.
The change in M150 (1.90 kg/d) overestimated the production response with the inclusion of the animalmarine protein blend, (Table 6 ). Regressing TRT on M150 gave a coefficient of 0.637 kg of TRT/kg of M150 change (SEM = 0.006, r 2 = 0.60). The change in M150 overpredicted the number of positive herds and overestimated the magnitude of the production response.
Using the change in M305 and testing whether the change was different from zero resulted in classifying 16 herds as having increased milk production and two herds as having decreased production (Tables 6 and 7) . Of the 19 herds that showed increased milk production with the regression method, the change in M305 agreed in 13 of the cases (Table 7) . Three of the 12 herds with no production change were predicted to have increased in milk using the change in M305 yield ( Table 7) . The overall change in M305 was 142.21 kg of milk (SEM = 8.21, Table 6 ). This represents the increase in milk that would accumulate over the time from the DIM at code 0 test to 305 d of production due to the change in production with the inclusion of the animal-marine protein blend. The mean DIM for test code 0 were 168; the remaining days to 305 were 137 d. of M305 yield. The mean estimate of the change in M305 will be more positive in herds with more cows less than 100 d post calving. To remove the bias in magnitude of M305 prediction, a nonparametric test may be used to assess directionality of change in M305. If the herd difference in milk is random from one test month to the next, half the cows should experience an increase in M305 and half the cows should experience a decrease in M305 prediction. A sign test statistic may be calculated based on the proportion of cows with an increase or decrease in the change in M305 to test if a significant change in production has occurred in a herd.
A sign test statistic was calculated by using the change in M305 to classify a herd as having a positive, negative, or no change in production based on the number of cows with a positive or negative change in M305. The sign test statistic was calculated based on the proportion of cows with a positive or negative difference in M305 milk production on test code 0 minus the M305 production on test code −1. Fifteen of the 19 herds classified as having a positive change in milk by the regression method also were classified as having a positive change in milk using the sign test based on Table 7 . Herd classification using the regression method, the change in M150 predicted yield, the change in the M305 predicted yield, and the change in the M305 predicted yield assessed by a 'z' statistic. TRT = Mean coefficient for the dummy variable indicating the month the animal-marine protein blend was included in the diet calculated using a regression model for milk production as the dependent variable and DIM and TRT as the independent variables for three to six sequential production tests. the change in M305 (Table 7) . Four of the positive herds were identified as not significantly changing in milk using the change in M305 and the sign test. The M305 agreed in 10 of the 12 herds that had no significant change in milk production. Two herds that were classified as having had no significant change in production using the regression method were classified as having increased in milk by using the change in M305. All four herds classified as having decreased in milk using the regression method were also negative by using the change in M305 and the sign test.
Overestimation of response to the inclusion of the animal-marine protein blend in the ration when using the change in M150 or M305 may be related to inclusion of cows less than 100 DIM in the analysis. The changes in both M150 and M305 across sequential months are positively biased for cows less than 100 DIM. The decline in milk used in the M150 equation would not apply to cows less than 100 DIM. Likewise, cows less than 100 d post calving typically increase in predicted 305-d yield from one test day to a sequential test day. The increase in M305 with each sequential test day is less as DIM approach 100 to 120. The change in M150 and M305 may be improved as a method to assess production change by using only cows over 100 DIM. To assess this effect, the date were reanalyzed with cows under 100 DIM on test code zero deleted from the analysis. Table 8 presents summary responses for TRT, ADJTRT, M150DIF (change in 150-d calculated milk yield between two sequential test days), and M305DIF (change in 305-d calculated milk yield between two sequential test days) with records for cows less than 100 DIM on the test day with inclusion of the animalmarine protein blend deleted from the analysis. There is 100% agreement on herd classification for TRT and ADJTRT. Mean estimates of TRT and ADJTRT are the same, 0.7 kg. Only 17 herds were classified as increasing in milk, compared with 19 herds for TRT when all data were included (Table 3 ) and 18 herds when ADJTRT was used to classify herds using all original data ( Table 5 ). The M150DIF classified 16 herds as increasing in milk and estimated the overall change in milk production as 0.9 kg/d, significantly higher than the regression estimates (Table 8) . Regressing TRT on M150DIF resulted in a coefficient of 0.544 kg M150DIF/TRT (SEM = 0.007), suggesting the M150DIF was 1.84 times higher than the TRT estimate for change in milk. Overall the change in M150DIF agreed with TRT and ADJTRT response classes in 74.3% of the herds (26 of 35 herds, Table 8 ). The M305DIF agreed with the change in TRT and ADJTRT in 65.7% of herds (23 of 35 herds, Table 8 8.2 kg). With cows less than 100 DIM deleted from the analysis, the M150DIF improved in agreement with the TRT response classes from 68.6 to 74.3% (Tables  7 and 8 ), but the M305DIF decreased in agreement from 74.3 to 65.7% (Tables 7 and 8 ). Deleting records of cows less than 100 DIM improved the performance of the M150DIF and decreased the performance of the M305DIF when compared with the TRT or ADJTRT estimates for change in milk production.
The increase in milk production in herds with the animal-marine protein blend inclusion suggests that absorbed protein limited production in a majority of the herds. More than half the herds experienced an increase in milk with the inclusion of animal-marine blend. The increase in milk may have been related to an increase in absorbed protein or may have been related to provision of a limiting AA. The response to undegraded protein from animal-marine sources has been linked to forage base in the ration (4), stage of lactation (5, 16, 30) , parity (17) , level of production (1, 2) , and DMI (23, 29) .
Broderick et al. (4) found the response to dietary fish meal was greater when legume silage was the forage base compared with legume hay. Polan et al. (23) speculated that the lack of response to inclusion of animal-marine proteins in dairy rations may be related to increased DM consumption and corn silagebased rations, which provide more rumen fermentable carbohydrate than legume rations and may stimulate more microbial protein synthesis. Responses to animal-marine blends may be more apparent in rations that contain legume forages since these forages contain increased amounts of RDP and decreased amounts of rumen degradable carbohydrate than does corn silage. However, forage base (Table 4) did not significantly influence the mean TRT response across the 35 herds. This may be because forage source alone does not account for the total RDP or rumen available carbohydrate in dairy rations. Complementary feed sources may mask any deficiency of haylage-based diets in rumen available carbohydrate. In fact, Polan et al. (23) observed a lack of response in primarily corn silage based rations, whereas Wattiaux et al. (29) observed a lack of response to animal proteins in legume based rations. Both papers (23, 29) attributed the lack of response to high DM consumption, which provided sufficient amounts of absorbed protein on basal rations.
Dry matter intake may have been a significant factor influencing responses across herds. Two farm managers commented that measurements of feed intake declined with inclusion of the animal-marine protein blend. These farms had a negative TRT response. However, not all negative treatment herds reported con- 1 TRT = Estimate of the effect of inclusion of an animal-marine protein blend (Prolak) on milk production when only cows > 100 DIM on the first test month are included in the analysis. 2 ADJTRT = Estimate of the effect of inclusion of an animal-marine protein blend (Prolak) on milk production when estimate of TRT coefficient adjusted using the following ADJTRT = TRT − 4.064*e (−.0497*DIMINT) (10) . 3 Number of cows in each herd in the analysis when DIMINT (DIM on first test day data were collected) < 40 was deleted. 4 Classification of change in milk production based on the difference in 150-d adjusted milk yield for test day with inclusion of Prolak minus the 150-d adjusted milk yield for the test day prior to inclusion of Prolak. Formula for adjusted 150-d milk based on (22): M150 milk = Sample day milk + ((DIM-150)*0.0029*sample day milk). 5 Classification of change in milk production based on the difference in 305-d predicted yield for test day with inclusion of Prolak minus the 305-d predicted yield for the test day prior to inclusion of Prolak. RESP = Response, −1, TRT < 0, production went down; 0, TRT = 0, production did not change; 1, TRT > 0, production increased. sumption problems. Production within herd significantly influenced TRT (Table 4 ). Lower producing cows had greater responses, and response decreased as milk production increased across quartiles of production within a herd. Typically lower producing cows consume less DM than higher producing cows. At a given concentration of CP in a ration, feed intake is a major factor influencing supply of absorbed protein. Rations are typically balanced to average production levels with lead factors included to support higher producers. Despite CP concentrations over 16% CP, low producing cows may be deficient in absorbed AA due to low DMI. The animal-marine blend helped these cows more than it did higher producing herd mates. Herd level produc-tion was not associated with the positive or no response to the animal-marine blend inclusion in the diet. The production effect was a within-herd effect since the quartile ranking was based on production within each herd. This suggests that farm managers should not consider that low producing cows do not require RUP in rations. Aharoni et al. (1) observed greater responses in lower producing cows when fish meal was included in commercial rations. In contrast, Armentano et al. (2) found production responses greater in high producing cows. Dry matter intake and content of rumen degradable carbohydrate, RDP, and RUP may influence the response that occurs at varying production levels as RUP sources are added to dairy rations. Khorasani et al. (17) observed higher responses in multiparous cows to increases in RUP. These responses may be related to higher production in older cows when fed diets with moderate amounts of CP. Age, estimated from parity, did not influence response to animal-marine protein blend in this study (Table 4) .
Christensen et al. (6, 7) and Henson et al. (15) observed no response to added RUP from animal sources. Christensen et al. (6, 7) found that microbial crude protein synthesis was reduced when more RUP was included in the ration, resulting in no net effect on AA flow to the duodenum. Henson et al. (15) observed similar effects with varying RUP sources and identified that methionine and lysine were still limiting for milk production across the various rations they used. Santos et al. (26) identified reduction in microbial synthesis with inclusion of increased RUP in rations as a major problem limiting supply of NAN to the duodendum and a potential factor limiting responses to RUP. It was anticipated that amount of the animal-marine protein blend or the type of protein source(s) in the ration prior to inclusion might have influenced the response across herds. However, these factors were not identified as significantly influencing the herd level response in this study (Table 4) . No ration component on the farm was associated with predicting response. It may be that more careful delineation of diets and feed intake would have been necessary to more accurately characterize herds with a high probability of responding to the protein blend. It was not possible to do that from the data collected in this study.
Herds with no change in production when the animal-marine protein blend was included were not apparently limited by absorbed protein at the time of the experiment. No adaptation period was used prior to the inclusion of the animal-marine protein blend other than that it was included in the ration for 30 d before the production test. The blend was incorporated at the planned inclusion rate immediately after the test code −1. Most data suggest that cows should adapt to a new feed ingredient with a 3-to 5-d period. Thus, we felt that adaptation to the protein blend should have occurred by 30 d to the next test date. However, several farms reported feed intake problems through the sample period. In general, consumption of the animal-marine protein blend was not reported as a problem in the majority of herds in the study.
Some research (1, 2, 4, 5, 8, 12, 13, 14, 17, 24) has reported that milk production increased with increased RUP; other research (3, 6, 7, 9, 15, 16, 23, 25, 29, 30) found that production did not clearly change with more RUP (Table 9 ). Mean increase in milk production was 0.086 kg/%RUP, as a fraction of total CP in the ration (SEM = 0.028, P < 0.005), for the positive studies using a model with milk production as the dependent variable and independent variables of study, as a class variable, and continuous independent variables of time post calving of the study, DMI, CP, NDF, and NSC content of the ration in addition to RUP expressed as a percentage of the CP. The regression coefficient for the studies with no significant change was 0.053 kg/%RUP (SEM = 0.047, P < 0.269) ( Table  8) . Studies with no significant response to added RUP had a reduction in MCP synthesis, calculated from NRC equations (21) . The reduction in microbial protein synthesis was associated with lower rumen degradable N, 356 g compared to a rumen degradable N of 422 g in studies with positive response to dietary RUP (Table 8) . Therefore, an important factor that may limit the milk yield response to added RUP may be a reduction in MCP synthesis. Furthermore, studies with a positive response to added RUP also had a significant increase in DMI, 0.70 kg/d; whereas studies with no significant response to added RUP had a decrease in DMI with added RUP, −0.75 kg/d. Therefore, it is important to ensure that RDP is adequate when RUP sources are added to dairy rations and DMI is at least maintained at preinclusion levels. Reduction in DMI with added RUP in the studies with no positive response to RUP may have been associated with lower MCP synthesis and not palatability problems. Reduction in RDP in herds with negative or no response to added animal-marine protein blend may explain the lack of positive response.
Two effects may account for a positive response to added RUP. First, increasing RUP may increase flow of NAN to the small intestine by providing more escape feed protein. Secondly, DMI may increase with added RUP in diets. This will also increase the flow of rumen escape protein to the small intestine, because of higher passage rates of feed protein. Milk production may increase from both effects. Using regresssion coefficients from the positive studies (1, 2, 4, 5, 8, 12, 13, 14, 17, 24) , and estimating DMI increases of 0.7 kg, Table 9 . Meta analysis of studies with a positive or no response to added RUP. Positive studies (1, 2, 4, 5, 8, 12, 13, 14, 17, 24) ; studies with no consistent response (3, 6, 7, 9, 15, 16, 23, 25, 29, 30 Regression model was milk = study + time postcalving + DMI + CP + UIPIP + NSC + NDF. Study and time postcalving were class variables. All other variables were treated as continuous variables. the inclusion of the animal-marine protein blend at 3% of DM for an equivalent amount of protein from SBM would have increased the absolute RUP content of the ration approximately 4% units of RUP as a percentage of ration DM. Based on the coefficient of response from the positive studies, milk production would have been expected to increase by 0.34 kg associated with increasing RUP. However, an increase in DMI of 0.7 kg would have increased milk production an additional 0.96 kg of milk. Combined, the production response would be predicted to be 1.30 kg of milk. The mean response for the positive herds was 1.9 kg (SEM = 0.10 kg) of milk for all cows and 1.6 kg (SEM = 0.1 kg) of milk for cows >40 d in milk on initial test day. These values are similar to that which may have been expected based on analysis of the positive response studies for inclusion of RUP in rations that maintain RDP.
CONCLUSIONS
Including an animal-marine protein blend in rations in 35 herds increased milk production significantly in 19 of the herds. The response did not differ by forage type, protein source, or level of inclusion in the ration. Parity did not influence response, although milk production within herd did, cows of the higher quartile in milk production within a herd did not respond to inclusion of the protein blend. The results of this study suggest that inclusion of animal-marine proteins in rations should be made on a herd-by-herd basis with no blanket recommendations about potential herd re- sponses based on forage type or protein source. When RUP is increased in rations, care should be taken to ensure RDP is adequate based on forage type or protein source. The method of analysis used in this study is a sensitive technique that can be used to estimate production responses to many management inputs on dairy farms.
